Introduction
============

Social anxiety disorder (SAD) is a common disorder with a lifetime prevalence of more than 12% ([@nsw119-B39]). SAD is characterized by intense fear and avoidance of social situations, causing considerable distress and impaired daily functioning. It has an early age onset and tends to follow a chronic and debilitating course if untreated ([@nsw119-B29]).

As highlighted by [@nsw119-B38], a curious feature of this disorder is that it persists even if most individuals with SAD perform naturalistic exposure to at least some feared social situations on a regular basis in their daily life. One possibility is that people with chronic SAD process information in ways that maintain their anxiety. Accordingly, laboratory studies involving probe detection and probe discrimination tasks indicate that people with SAD respond faster to probes replacing social threat stimuli, such as faces expressing anger or disgust, than to probes replacing neutral cues, thereby exhibiting an attentional bias (AB) for social threat that is absent in non-anxious control participants (for a meta-analysis, see [@nsw119-B5]). As suggested by prominent cognitive models of SAD ([@nsw119-B67]; [@nsw119-B37]; for a review, see [@nsw119-B78]), AB may causally contribute to increased anxiety proneness, and thereby figures prominently in the maintenance, and perhaps the etiology, of SAD. Accordingly, reducing AB *via* attention bias modification (ABM) procedures---a novel computer-based treatment approach designed to reduce AB for threat by repeatedly directing participants' attention towards neutral stimuli---may yield clinical benefits vis-à-vis SAD symptoms (for a meta-analysis, see [@nsw119-B34]). Likewise, transiently fostering AB promotes anxiety proneness among non-anxious controls ( [@nsw119-B48]; [@nsw119-B35]).

The aforementioned findings thus suggest that AB for threat can be modified so that, when successfully modified, it can reduce SAD symptoms. However, despite the promising initial results, modifying AB had only a very small effect---albeit significant---on reducing AB and SAD symptoms (for a meta-analyses, [@nsw119-B53]; [@nsw119-B34]; [@nsw119-B43]). Yet, as highlighted by [@nsw119-B27], most of the studies that failed to replicate the initial promising effects of ABM on symptoms also failed to induce the targeted change in AB. Consequently, one can argue that the current ABM procedure might be suboptimal to successfully alter AB for threat as intend. Therefore, research should focus on the development of novel procedures able to robustly achieve the intended change, i.e. a reduction of AB for threat *via* an increased selective attention to non-threat ([@nsw119-B15]). This way, we argued that the best way to achieve this goal is to target the basic mechanisms, particularly at the neural circuitry level, that are assumed to be involved in the modification of AB ([@nsw119-B31]; [@nsw119-B21]).

According to neurocognitive models of AB ([@nsw119-B77]; [@nsw119-B7], [@nsw119-B8]), the deployment of attention in the presence of threat stimuli is regulated by two primary neural systems: (1) a bottom-up amygdala-based system that produces a signal reflecting the perceived salience of stimuli and directs attention toward salient stimuli ([@nsw119-B1]; [@nsw119-B17]), and (2) a top-down system relying on the prefrontal (PFC) and anterior cingulate (ACC) cortices that both produces a signal when conflicting demands are made on attention ([@nsw119-B9]). According to this perspective, AB might result from a failure to recruit regulatory PFC regions that are mandatory to down-regulate amygdala activation in the presence of threat ([@nsw119-B8]). Accordingly, anxious individuals exhibit reduced left PFC activations, particularly of its dorsolateral (dlPFC; [@nsw119-B8]) and ventrolateral (vlPFC; [@nsw119-B55], [@nsw119-B56]) sections, when performing tasks involving such a top-down control in the presence of threat. Moreover, reducing AB *via* ABM is associated with increased activation of the left dlPFC among healthy volunteers ([@nsw119-B12]). Likewise, ABM boosted vlPFC activations ([@nsw119-B73]) and attenuated bilateral amygdala activations ([@nsw119-B49]; [@nsw119-B11]; [@nsw119-B73]) among individuals with SAD.

Beyond these previous findings, the more convincing line of evidence regarding the implications of PFC in AB arises from studies that used neuromodulation techniques to directly manipulate the activation of this brain region. These studies revealed that a single-session of high-frequency repetitive Transcranial Magnetic Stimulation (HF-rTMS) over the left dlPFC decreases AB ([@nsw119-B20]), whereas HF-rTMS over the right dlPFC increases it ([@nsw119-B41]; [@nsw119-B20]; [@nsw119-B76]). Yet, these studies were conducted among non-anxious healthy female participants. Moreover, as individuals with SAD differ from non-anxious controls in AB for social threat ([@nsw119-B5]), the modification of AB may operate differently among the former relative to the latter. Consequently, it remains decisive to test the effect of neurostimulation among individuals with SAD. Relevant to this issue, the level of situational anxiety at baseline did moderate the impact of HF-rTMS over the dlPFC on AB ([@nsw119-B76]).

Moreover, given that the effects of HF-rTMS only emerge after the stimulation, these aforementioned studies relied on an offline protocol---AB was assessed before and after brain stimulation---and not directly during the modulation of the dlPFC. Yet, a recent meta-analysis indicated that online stimulation protocols yield larger effect sizes vis-à-vis cognitive tasks than offline protocols do among individuals with psychiatric disorder ([@nsw119-B19]). As compared to HF-rTMS, transcranial Direct Current Stimulation (tDCS)---another non-invasive method of brain stimulation---renders possible the modulation of the cortical activities *during* the completion of a task. tDCS consists of the application of a weak (0.5--2 mA), direct current through electrodes positioned over one's scalp which are able to reach the neuronal tissue and induce a polarization-shifts on the resting membrane potential ([@nsw119-B57]). Anodal stimulation facilitates cortical activity, whereas cathodal tDCS has opposite effects. In contrast to TMS, tDCS has the advantage to be easier to use in double-blind sham-controlled studies. So far, only two tDCS studies focused on AB for threat. They combined tDCS with the ABM procedure among healthy undergraduate volunteers ([@nsw119-B14]; [@nsw119-B30]). Results indicated that increased activation within the left dlPFC using anodal tDCS combined with ABM is associated with larger reduction in AB, as compared to sham stimulation combined with ABM. Particularly, [@nsw119-B14] found that anodal tDCS combined with ABM reduced AB for threat via the promotion of attentional selectivity for non-threat cues. However, because none of these studies included a condition investigating the impact of tDCS without ABM, one cannot exclude that the effects of tDCS combined with ABM merely results from the anodal tDCS *per se* and not from the combination of tDCS and ABM.

Yet, notwithstanding these previous brain stimulation studies indicating that left dlPFC may figure prominently in the maintenance of AB, none of these studies was conducted among individuals with SAD. This is especially unfortunate as this disorder constitutes the main target in the previous ABM studies and the disorder for which the reduction of AB may be most appropriate, either as stand-alone treatment ([@nsw119-B3]) or as integrated into a standard cognitive-behavioral treatment package ([@nsw119-B68]). Consequently, in the present study, we sought to manipulate the cortical excitability of the left dlPFC *via* tDCS during the completion of a probe discrimination task assessing AB for social threat among individuals with SAD. Following the above HF-rTMS ([@nsw119-B20]) and tDCS studies ([@nsw119-B14]; [@nsw119-B30]), we decided to stimulate the left dlPFC, and not the vlPFC. This study therefore represents both an extension of the previous studies conducted among non-anxious female participants and also a critical step in translational research toward establishing the ability of anodal tDCS to reduce AB among individuals with SAD. In the present study, we adopted a double-blind within-subject protocol in which we delivered single-session of anodal *vs* sham tDCS over the left dlPFC during the completion of a probe discrimination task. Of primary interest was the reduction of AB for social threat during anodal tDCS relative to sham tDCS. Moreover, we reasoned that if anodal tDCS promotes attentional selectivity for non-threat among healthy volunteers when applied during ABM ([@nsw119-B14]), then anodal tDCS should foster attentional selectivity for non-threat cues among individuals with SAD during the completion of a probe discrimination task, so that it culminates in the reduction of AB for threat.

Materials and methods
=====================

Participants
------------

We recruited 19 right-handed female participants with a primary DSM-5 diagnosis of SAD ([@nsw119-B2]) from the community of Walloon Brabant in Belgium. To be consistent with previous studies ([@nsw119-B20]; [@nsw119-B76]; [@nsw119-B30]), only female participants were included. Moreover, women exhibit higher prevalence rates of SAD than men ([@nsw119-B51]; [@nsw119-B79]). A total of 409 volunteers responded to our invitation to take part in a brain stimulation study among socially anxious women. They were first screened by email for initial eligibility criteria. As shown in [Figure 1](#nsw119-F1){ref-type="fig"}, 63 of these participants met the initial criteria assessed *via* online screening questionnaires. To be eligible, participants should (a) score above 56 (i.e. the cut-off score for probable diagnosis of SAD in the French version of the scale; [@nsw119-B10]) on the Liebowitz Social Anxiety Scale (LSAS; [@nsw119-B42]), (b) be right-handed and (c) have normal or corrected-to-normal vision. During this preliminary contact, there were also given an introduction to the tDCS technique. All these participants were then contacted for a personal visit in the laboratory for further screening. Exclusion criteria were: (a) the absence of DSM-5 criteria for SAD, (b) the presence of additional psychiatric disorders, (c) current or past heart, respiratory, dermatological or neurological problems, (d) current pharmacological or psychological treatments, (e) the presence of metallic foreign particles around the head or a cardiac pacemaker, (f) pregnancy at the time of the testing and (g) insufficient knowledge of French language. These criteria were checked through a medical interview and using the Mini International Neuropsychiatric Interview (MINI; [@nsw119-B40]). A PhD level clinical psychologist completed all the interviews. Of these 63 participants, 32 were discarded as they reported at least one of the exclusion criteria and 12 declined participation. The remaining 19 participants were enrolled in the study. [Table 1](#nsw119-T1){ref-type="table"} shows their demographic and clinical characteristics. Fig. 1.Flowchart depicting passage of participants through the study.Table 1.Demographic and clinical measures for individuals with social anxiety disorderMean (SD)Cronbach's alpha*Demographic measures*Age24.16 (4.87)Educational level (in years)13.26 (2.42)*Clinical measures*BDI-II13.47 (7.16).90STAI-T49.68 (4.19).85LSAS74.26 (16.20).84[^1][^2]

Measures
--------

### Questionnaires

Participants were screened *via* the self-report version of the LSAS (**Liebowitz,**[@nsw119-B42]). They also completed the Spielberger Trait Anxiety Inventory (STAI-T; **Spielberger *et al.***, [@nsw119-B71]) and the Beck Depression Inventory (BDI-II; **Beck *et al.***, [@nsw119-B6]). The LSAS is a 24-item scale that measures anxiety and avoidance of social interactions and performance situations. The STAI-T is a 20-item self-report questionnaire assessing anxiety proneness. The BDI-II is a 21-item self-report measure of symptoms of depression. We used the validated French versions of these scales (LSAS, **Heeren *et al.***, [@nsw119-B32]; BDI-II, **Beck *et al.***, [@nsw119-B6]; STAI-T, [@nsw119-B13]).

### Measure of attentional bias

To assess AB, we used a probe discrimination task modeled on the dot-probe detection task (**MacLeod *et al.***, [@nsw119-B47]). The task was administered twice, once during the anodal tDCS and once during the sham stimulation. The task consisted of 320 trials delivered in one block. Each trial began with a central fixation cross which appeared on the screen for 500 ms. Immediately following the disappearance of the cross, a pair of faces appeared on the screen for 500 ms. One face appeared on the top of center screen, whereas the other face appeared on the bottom of center screen. Each pair of faces displayed neutral-disgust facial expressions. Immediately following their disappearance, a probe appeared in the location previously occupied by one of the two faces. **Figure 2** shows an illustration of the trials. Participants were asked to indicate whether the probe was a dot (i.e. '.') or a colon (i.e. ':') by pressing a corresponding button using the right hand as quickly and accurately as possible. They were also instructed to look at the fixation cross at the start of each trial. The probe remained on screen until a response was given. The inter-trial interval was 1500 ms. There were an equal number of trials for each type of stimuli location (top or down), probe location (top or down) and probe type ('.' or ':'). We used an equal number of trials in each condition as a function of these parameters (i.e. 320 trials = 40 face-pairs × 2 face positions × 2 cue types × 2 cue positions). Each of the 320 trials appeared in a different random order for each participant and each type of stimulation (anodal tDCS versus sham). Stimuli consisted of 40 different face pairs (20 male, 20 female), each pair displaying neutral-disgust facial expressions, randomly selected from a validated version (**Goeleven *et al.***, [@nsw119-B25]) of the Karolinska Directed Emotional Faces (**Lundqvist *et al.***, [@nsw119-B46]), which is a standardized set of emotional faces. Faces were standardized for size (326 × 329 pixels). The task was programmed and presented using E-Prime 2 Professional^®^ (Psychology Software Tools, Pittsburgh, PA, USA). The distance between participant's eyes and the screen was around 50 cm, and the target stimuli subtended a visual angle of about 4° in the horizontal field.

Transcranial direct current stimulation
---------------------------------------

Direct electrical current was applied by a saline-soaked pair of surface sponge rubber electrodes (35 cm^2^) and delivered by a battery-driven stimulator (Neuroconn, GmbH, Ilmenau, Germany). We used a sham-controlled within-subject design in which all participants serve as their own control, a design that substantially increases statistical power. To stimulate the left dlPFC, the anode electrode was vertically positioned centered over the F3 according to the 10--20 international system for electroencephalogram electrode placement. The reference electrode was placed vertically at the ipsilateral arm ([@nsw119-B16]; [@nsw119-B66]). During the first 30 s of stimulation, the current was ramped up to 2 mA and then delivered constantly for 25 min. At the end of the stimulation, the current was ramped down to 0 mA over 30 s. For sham stimulation, the position of the electrodes was exactly the same as during anodal stimulation; however, the current was ramped down after 30 s. This procedure is commonly used by tDCS researchers and has been found to be an optimal way to provide the initial sensation of stimulation without the subsequent effects on cortical excitability ([@nsw119-B57]; [@nsw119-B61]). Predefined codes assigned to either sham or real stimulation were used to start the stimulator and thus allowed for a double-blind study design. Anodal stimulation, or sham stimulation, respectively, started 5 min before the beginning of the probe discrimination task and was delivered for a further 20 min. Thus, the probe discrimination task was performed parallel to the stimulation. To avoid carry-over effect from the previous stimulation, the second stimulation was carried out after an exact 48 h-interval. The order of the anodal and sham stimulation was counterbalanced across participants.

Procedure
---------

This study comprised three sessions. Within the first session, participants were administered the questionnaires and underwent the structured medical and psychiatric interviews by a trained clinician. Then, the two stimulations sessions were conducted. At the beginning of each session, electrodes were soaked in saline solution and placed on the participant's scalp using the electrode montage depicted above. Following 5 min of stimulation (anodal or sham tDCS), participants started with the probe discrimination task. Participants were asked to perform the task as quickly and accurately as possible. The order of the two stimulation conditions was randomly counterbalanced across participants (i.e. 10 participants received the anodal stimulation first, 9 participants received the sham stimulation first). Further detail on tDCS compliance can be found in the Supplemental Materials. Each session was administrated individually in a dimly lit and quiet room. All participants provided their written informed consent. The study was approved by the local ethical committee and conducted according to the Declaration of Helsinki. Participants were debriefed at the end of the experiment and received compensation (25 euros).

Data preparation
----------------

We addressed outliers and errors in the probe discrimination tasks as follows. First, trials with incorrect responses were excluded \[3.90% of all the trials during sham; 3.85% of all the trials during anodal tDCS; these rates did not significantly differ between anodal tDCS and sham, *t*(18) = 1.52, *P* = 0.17\]. Second, RTs lower than 200 ms or greater than 2000 ms were removed from analyses \[less than 0.05% of all the trials for both sham and anodal tDCS and no significant difference between anodal tDCS and sham, *t*(18) = 1.48, *P* = 0.21\].

Data analytic plan
------------------

To assess AB, we calculated a bias score for each participant at each session by subtracting the mean latencies when the probe appeared in the same location as the threatening stimuli from the mean latency when the probe and the threatening stimuli appeared at different locations. Hence, positive bias scores represent attention bias toward social threat, and negative bias scores represent bias away from threat, or equivalently, bias toward neutral faces. This bias score is the most frequently used index to determine AB from a probe discrimination task procedure ([@nsw119-B47]; [@nsw119-B52]).

Then, to investigate the impact of tDCS on AB, we first computed a paired *t*-test to compare bias scores during sham and anodal stimulation. Following [@nsw119-B50], we also computed the percentage of tDCS responders (i.e. the percentage of individuals who have a bias score below the mean of the sham bias-score during the anodal stimulation).

To follow-up these effects, we further examined the impact of the anodal tDCS on the two types of trials involved in the computation of the bias score index, which are the probes presented in the vicinity of the neutral and threat cues, respectively. We performed a 2 (Stimulation: anodal *versus* sham) × 2 (Probe Location: vicinity of threat cue versus vicinity of neutral cue) repeated analysis of variance (ANOVA) with repeated measurement on the two factors and latencies as dependent variable.

Finally, although it confirms the clinical status of our sample, the participants exhibited mild to moderate BDI-II and STAI-T scores. Consequently, we examined whether tDCS-induced improvement in AB (i.e. anodal tDCS scores *minus* sham score), AB during sham stimulation, and AB during anodal tDCS did correlate with the severity of social anxiety symptoms (i.e. LSAS scores at baseline), depressive symptoms at baseline (i.e. BDI scores), trait-anxiety scores at baseline (i.e. STAI-T scores) and demographic variables (i.e. years of education, age) using Pearson product-moment correlations.

All statistical analyses were performed using R ([@nsw119-B69]). The significance level was set at an alpha level of 0.05. Effect sizes are reported in the form of partial eta-squared ($\eta_{p}^{2}$) for ANOVA and Cohen's *d* using the formula for paired comparison (i.e. mean pairs difference divided by the pooled *SD*).

Results
=======

Presence of attentional bias
----------------------------

Consistent with previous studies ([@nsw119-B5]), participants did exhibit an AB for threat, as indexed by a bias score significantly greater than zero (i.e. zero signifying an absence of AB towards disgust faces) during the sham condition, *t*(18) = 2.11, *P* = 0.04, *d* = 0.48). Especially, latencies when the probes appeared in the vicinity of social-threat cues were significantly shorter than latencies when the probes appeared in the vicinity of the non-threat cues, *t*(18) = 2.11, *P* = 0.04, *d* = 0.48. Data are shown in [Table 2](#nsw119-T2){ref-type="table"}. Table 2.Mean latencies (in milliseconds) as function of probe nature and tDCS condition (SD)Sham stimulationAnodal tDCSProbes in the vicinity of the social-threat cues505.60 (66.37)494.67 (65.66)Probes in the vicinity of the non-threat cues510.89 (68.89)488.89 (69.26)[^3]

Change in attentional bias
--------------------------

As shown in [Figure 3](#nsw119-F3){ref-type="fig"}, individuals with SAD exhibited a significant reduction in bias score during the anodal tDCS relative to the sham stimulation, *t*(18) = 3.20, *P* = 0.009, *d* = 0.71. Highlighting the consistence of our findings across the participants, 79% of the participants exhibited a bias score lower than the mean sham-related score during anodal tDCS. Moreover, as shown in [Figure 2](#nsw119-F2){ref-type="fig"}, although the bias score was significantly greater than zero during the sham condition, it became significantly smaller than zero---signifying AB towards non-threat faces---during the anodal tDCS, *t*(18) = −2.42, *P* = 0.02, *d* = 0.56. Fig. 2.Illustration of the probe discrimination task. *Note*: Each trial began with a central fixation cross which appeared on the screen for 500 ms. Immediately following the disappearance of the cross, a pair of faces appeared on the screen for 500 ms. One face appeared on the top of center screen, whereas the other face appeared on the bottom of center screen. Each pair of faces displayed neutral-disgust facial expressions. Immediately following their disappearance, a probe appeared in the location previously occupied by one of the two faces. The inter-trial interval was 1500 ms. Participants were asked to indicate whether the probe was a dot (i.e. '.') or a colon (i.e. ':') by pressing a corresponding button using the right hand as quickly and accurately as possible. They were also instructed to look at the fixation cross at the start of each trial. The probe remained on screen until a response was given.Fig. 3.Change in Attentional Bias for Threat as a Function of tDCS condition. *Note*: Scores for the attention bias scores (ms) as a function of tDCS condition. Error bars represents standard errors of the mean. \*\**P* \< 0.01.

The 2 (Stimulation) × 2 (Probe Location) ANOVA revealed a significant two-way *Stimulation* *×* *Probe Location* interaction*, F*(1,18) = 8.38, *P* = 0.01, η^2^~p~ = 0.32, implying that the stimulation did interact with the valence of the material vacating its location to the probe. Neither the main effect of *Stimulation, F*(1,18) = 1.34, *P* = 0.26, η^2^~p~ = 0.07, nor the main effect of *Probe Location, F*(1,18) = 0.12, *P* = 0.73, η^2^~p~ = 0.01, were significant. As shown in [Table 2](#nsw119-T2){ref-type="table"}, the pattern of latencies suggests that anodal tDCS is associated to a significant reduction of the bias score *via* changes in the latencies to discriminate the identity of probes presented in the vicinity of the neutral cues. Indeed, whereas participants displayed shorter latencies to discriminate the identity of probes presented in the vicinity of the threat cues as compared to probes presented in the vicinity of neutral cues during the sham stimulation \[*t*(18) = 2.11, *P* = 0.04, *d* = 0.48\], they displayed the reverse pattern of latencies during the anodal tDCS, i.e. shorter latencies to discriminate the identity of probes presented in the vicinity of the neutral cues relative to probes presented in the vicinity of threat cues \[*t*(18)= 2.43, *P* = 0.03, *d* = 0.56\].

Complementary analysis
----------------------

None of the correlations between AB-related indices and baseline self-report measurements were significant \[all absolute values of *r*(19) \< 0.24, all *P*-values \> 0.31\]. As participant's characteristics at baseline, such as anxiety level, may moderate the modification of AB for threat ([@nsw119-B76]), we also examined whether tDCS responders did differ on baseline data. However, none of the independent *t*-tests comparing responders to non-responders were significant \[all *t*-values \< 0.1.42; all *P*-values \> 0.18\]. Moreover, we did not find any potential stimulation-order effect or gender-effect vis-à-vis the task-related material (see Supplemental Materials).

Discussion
==========

We sought to investigate the influence of left dlPFC activation on AB for threat among individuals with a DSM-5 diagnosis of SAD. Consistent with our prediction as well as with earlier rTMS results in healthy female volunteers ([@nsw119-B20]), the application of anodal tDCS over the left dlPFC does reduce AB for threat among female individuals with SAD, with 79% of the participants demonstrating a significant reduction of AB for threat during the anodal tDCS.

Because anodal tDCS over the left dlPFC reduced AB for threat, our results are the first to confirm previous claims that this region influences the intensity of AB for threat among individuals with SAD. These findings are clearly in line with Bishop's hypothesis ([@nsw119-B9]; [@nsw119-B8]) that AB can be conceptualized as a failure to recruit the dlPFC when processing task-irrelevant threatening material. This notion mainly derived from neuroimaging data implicating the left dlPFC in the ongoing maintenance of top-down attention control to support task-required performance in the presence of threat-related distractors ([@nsw119-B45]; [@nsw119-B8]; [@nsw119-B62]). Moreover, as dlPFC activation has often been considered as a proxy of top-down attention control ([@nsw119-B59], our data also extend previous knowledge that this latter moderates AB for threat in SAD ([@nsw119-B26]; [@nsw119-B74]). For instance, [@nsw119-B74] reported that SAD individuals with lower attention control exhibited stronger AB in comparison to those with higher attention control exhibiting smaller AB.

By untangling the differential impact of anodal tDCS over the two types of trials involved in the computation of the bias score index, the observation of shorter latencies to discriminate the identity of probes that appeared in the vicinity of non-threat stimuli takes us one step closer to elucidating the reduction of AB for threat observed during the anodal tDCS. Given the previous observation that anodal tDCS combined with ABM reduces AB *via* an increased attentional selectivity for non-threat cues among non-anxious control participants ([@nsw119-B14]), the observation that anodal tDCS promotes attentional selectivity for non-threat cues does not come as a surprise. Furthermore, this observation also lends some support to the hypothesis that a genuine reduction of AB for threat among individuals with SAD should be directly compensated by an increased attentional selectivity for non-threat cues. Indeed, as argued by cognitive theorists of SAD ([@nsw119-B37]; [@nsw119-B54]; [@nsw119-B78]), AB for threat may interfere with the ability to process external non-threat cues that disconfirm the negative beliefs of people with SAD when they encounter socially challenging situations. This way, anodal tDCS may help foster attentional selectivity for external non-threat cues in SAD.

Moreover, because dlPFC may initiate control over emotions by inhibition of the amygdala ([@nsw119-B63], 2010; [@nsw119-B4]), this boost of attentional selectivity for external non-threat cues may also be attributable to a tightening of the hyperactivity of the amygdala during anodal tDCS. As suggested by Bishop's model of anxiety ([@nsw119-B9]; [@nsw119-B8]), AB for threat might result from a failure to recruit regulatory PFC regions that are mandatory to downregulate amygdala activation when conflicting demands are made on attention, such as when two salient stimuli compete for processing resources. A wealth of data has demonstrated that the amygdala and its functionally related subcortical limbic regions are involved in early threat detection mechanisms ([@nsw119-B17]; [@nsw119-B60]). Because individuals with SAD exhibit heightened amygdala activation in response to social threat ([@nsw119-B72]; [@nsw119-B65]), the tDCS-induced boost within dlPFC might have triggered the shrinkage of this amygdala-based early threat detection mechanism. In turn, individuals with SAD may no longer exhibit difficulty filtering out task-irrelevant threatening distractors. Next step would thus be to examine how anodal tDCS foster PFC-amygdala connectivity by replicating the present experiment during fMRI.

Our findings yield several important therapeutic implications. Although the present study still remains a mandatory proof-of-concept prior to consider any potential Phase II/III clinical trials, the observation of a genuine alteration of AB for threat during anodal tDCS supports the idea that tDCS *per se* may be an effective tool to mitigate AB for threat *via* the promotion of attentional selectivity for non-threat cues. As AB for threat may interfere with the ability to process external non-threat cues that disconfirm the negative beliefs of people with SAD when they encounter socially challenging situations, turning on the ability to process such external non-threat cues *via* the promotion of the left dlPFC activation may create a snowballing cascade of patholytic social encounters that foster elimination of SAD. Indeed, failure to disconfirm these beliefs may impede anxiety reduction, which, in turn motivates avoidance of social situations and worsens anxiety or at least prevents it from extinguishing ([@nsw119-B37]; [@nsw119-B33]). Remarkably, reducing AB for threat *via* ABM increases attentional selectivity for non-threat cues, which, in turn, improves SAD symptoms among individuals with SAD ([@nsw119-B36]). Consequently, the critical next step will thus be to examine whether AB reduction through repeated sessions of anodal tDCS can *de facto* interrupt this vicious cycle and, in turn, foster beneficial cascade of downstream benefits.

In follow-up research several issues require further consideration. First, we did not collect post-stimulation data. Although enhancement of brain activity after a single session of anodal tDCS tends to return to baseline after approximately 90 min ([@nsw119-B58]; [@nsw119-B18]), long-lasting cognitive improvements have already been evidenced in studies including repeated sessions of tDCS ([@nsw119-B22]). Yet, the persistent reduction of psychopathological symptoms usually requires repeated tDCS sessions ([@nsw119-B75]; [@nsw119-B70]). Future studies should thus examine the persistence of the present findings. Second, the present study only included female participants. Given the observation of gender differences in the neural processing of emotional facial expressions ([@nsw119-B44]; [@nsw119-B24]), uncertainty still abounds regarding the generalization of the present findings to men with SAD. Yet, most of the previous studies using neuromodulation techniques to modify AB for threat were restricted to female samples ([@nsw119-B20]; [@nsw119-B76]). Third, although our decision to target the left dlPFC relied on previous rTMS and tDCS studies ([@nsw119-B20]; [@nsw119-B14]; [@nsw119-B30]), vlPFC has been also associated to AB for threat ([@nsw119-B28]; [@nsw119-B23]). Consequently, one cannot exclude that our tDCS-induced effects may stem from excitatory projections from the dlPFC to the vlPFC. Yet, several reviews suggested that left dlPFC does constitute an optimal target for therapeutic uses of tDCS in clinical samples ([@nsw119-B21]; [@nsw119-B75]). Future studies should thus further delineate the respective role of ventral and dorsal compartments of PFC in the modification of AB, by inhibiting versus stimulating these brain areas separately during the probe discrimination task. In-depth exploration of the brain connectivity alterations following anodal tDCS may also be done. Finally, we were unable to differentiate tDCS-responders from non-responders. Yet the study has only four non-responders. As understanding who profits from anodal tDCS is decisive before it can be reliably applied in larger Phase II/III randomized trials, future studies must clarify the variables that differentiate responders from non-responders.
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[^1]: *Note*: Education level was assessed according to the numbers of years of education completed after starting primary school. Cronbach's alphas were computed over the data of the current sample.

[^2]: BDI-II, Beck Depression Inventory; STAIT-T, Spielberger State-Trait Anxiety Inventory-Trait; LSAS, Liebowitz Social Anxiety Scale.

[^3]: *Notes*: Whereas participants displayed significantly shorter latencies to discriminate the identity of probes presented in the vicinity of the threat cues as compared to probes presented in the vicinity of neutral cues during the sham stimulation, they displayed the reverse pattern of latencies during the anodal tDCS, i.e. significantly shorter latencies to discriminate the identity of probes presented in the vicinity of the neutral cues relative to probes presented in the vicinity of threat cues.
